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(54) Radio receiver performing simultaneous equalisation and error correction decoding 



(57) A signal received by a receiving antenna 504 is 
input to an UDMV 505 through a detector, and compen- 
sation for distortion caused by muttipath fading and an 
error correction using Vrterbi decoding are simultane- 
ously performed, obtaining demodulation data 506. The 
UDMV 505 comprises a demodulator in which an MLSE 



and a Vrterbi decoder are combined. Thereby, equaliza- 
tion for removing a line distortion and reduction in an 
error rate can be simultaneously performed, improving 
a receiving quality 
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Description 

Background of the Invention 

Field of the Invention s 

The present invention relates to a radio communi- 
cation apparatus such as a receiver for compensating 
for distortion caused by multipath fading and correcting 
an error correction and a transmitter for transmission 10 
data to the receiver. 

Description of the Related Art 

In the field of the radio communication, it is indis- is 
pen sable for overcoming the problem of multipath fad- 
ing and improving transmission quality. It is known that 
equalizers are useful for overcoming the problem of 
multipath fading. In order to improve transmission qual- 
ity, there is used a method in which an error correction 20 
code, particularly a convolutional code is decoded by a 
Viterbi decoder for a soft decision. 

A conventional data transmitter comprises an 
equalizer for compensating for distortion caused by mul- 
tipath fading and a Viterbi decoder for an error correc- 
tion in a receiving system, and the equalizer and the 
Viterbi decoder are independently operated. 

FIG. 1 is a structural showing the conventional data 
transmitter in which the equalizer and the Viterbi 
decoder are independently operated. On the transmitter 
side, transmission data 1 is encoded by a convolution 
encoder 2, modulated by a modulator 3, and transmitted 
from a transmission antenna 4. On the receiver side, a 
received signal received by a receiving antenna 5 is 
sent to an equalizer 6, and an output of the equalizer 6 
is decoded by a Viterbi decoder 7 so as to obtain 
decoded data 8. The equalizer 6 compensates for dis- 
tortion caused by multipath fading occurring on a line, 
and an MLSE (Maximum Likelihood Sequence Estima- 
tor) or a DFE (Decision Feedback Equalizer) are used 
as such an equalizer. In particular, MLSE is known as 
an apparatus, which can realize substantially an opti- 
mum characteristic even in a mobile radio channel 
whose fading varies drastically. 

The following will explain the principle of the MLSE- 
typed equalizer 6 using a line model shown in FIG. 2. 

The line model of FIG. 2 is a model of the multipath 
fading with paths of (N+1) waves. In this line model, a 
transmission signal 100 is delayed by delay units 101-0 
to 101-N, and is subjected to fading variation by relay 
fading adding units 102-0 to 102-N. Then, attenuators 
103-0 to 103-N attenuate the signal subjected to the 
fading variation, and the attenuated resultant is added 
by a complex adder 1 04 so as to obtain a received sig- 
nal 105. 

The delay units 101-0 to 101-N show the delay 
caused by various lengths of paths, and the relay fading 
adding units 102-0 to 102-N show the relay fading, 



which is independently provided to the respective paths. 
The transmission signal 100 is subjected to a random 
phase variation and a level variation in accordance with 
a relay distribution by these delay units and the relay 
fading adding units. 

The attenuators 103-0 to 103-N show attenuation, 
which is independently provided to the respective paths. 
In a base, band, the transmitting and receiving signals 
comprise a quadrature component and an in-phase 
component, which are respectively a real part and an 
imaginary part, and they are considered as complex 
numbers, and each section of FIG. 2 is a complex 
number. In other words, a model in which the signals 
are finally combined at the receiving antenna terminal is 
also used as a complex adder 1 04. 

FIG. 3 shows a case in which the line model shown 
in FIG. 2 is rewritten as a model, which is close to a dig- 
ital filter. A transmission signal 200 is delayed by delay 
units 202-0 to 201-(N-1), complex gains are added 
thereto by complex gain adding units 202-0 to 202- N, 
and combined by a complex adder 203 so as to obtain a 
received signal 204. The complex gain adding units 
202-0 to 202-N are those in which the variations of the 
relay fading adding units 102-0 to 102-N and those of 
attenuators 103-0 to 103-N are combined. 

The MLSE estimates the complex gain adding units 
202-0 to 202-N using an unique word inserted to data. If 
the complex gain adding units 202-0 to 202-N are 
obtained, the line model can be reproduced. Therefore, 
in a state in which past transmission data 200 is stored 
by delay units 201 -0 to 201 -(N-1), a replica is generated 
using the filter of FIG. 3 and a transmitting sequence is 
estimated by Viterbi decoding. 

However, there is a case in which the error rate can 
be reduced to only a certain degree in the MLSE. Due 
to this, an error correction code is used in conjunction 
with the MLSE. The convolution encoder 2 produces a 
plurality of bits in accordance with the state of the past 
several bits every time when one bit of transmission 
data 1 is input. For example, if an encoding rate is 1/2, 
two bits are produced every time one bit of transmission 
data 1 is input. This state is shown in FIG. 4. Transmis- 
sion data 300 is delayed by delay units 301-0 to 301-(M- 
1), complex gains are added thereto by complex gain 
adding units 302-0 to 302-(M), and its exclustve-OR is 
obtained by an exclusive-OR circuit 303, generating a 
transmission signal 304. The past transmission data 
300 is accumulated by the delay units 301 -0 to 301 -(M- 
1). and this is the state at the time of decoding by Viterbi 
decode. In the case of the convolution encoder, the 
encoder is unchanged. Moreover, the complex gain 
adding units 302-0 to 302-M actually obtain only any 
one of values of 0,1 j, 1+j since only a bit calculation is 
performed. In this case, since the structure of the 
encoder of FIG. 4 is shown in advance, in the Viterbi 
decoder 7 on the receiving side, data can be decoded 
by the Viterbi decoding. 

Thus, in the conventional data transmitter, the 
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equalizer such as MLSE compensates tor the distortion 
of the multipath fading, and uncompensated errors are 
corrected by the error correction codes such the convo- 
lution encoding, Viterbi decoding, thereby realizing the 
data transmission with a good quality. s 

However, in the conventional data transmitter, the 
compensation for the line distortion using the equalizer 
and the error correction using the Viterbi decoder were 
independently performed. As a result, constraint condi- 
tions of the respective sequences were independent of io 
each other. Among paths for Viterbi decoding, there 
was a case in which the path, which was impossible to 
be used as a candidate, was included, depending on 
the line condition. This resulted in the deterioration of 
improving effect of the error rate. is 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
radio communication apparatus wherein equalization 20 
for removing a line distortion caused by multipath fading 
and an error correction for reducing an error rate are 
simultaneously performed so as to improve a receiving 
quality, and two steps, i.e., the equalization and the 
error correction are performed at one time so as to 25 
improve reduction in the number of times of trace back 
and a memory capacity. 

According to the present invention, there is esti- 
mated an imaginary encoder in which a line model and 
a convolutional encoder are combined, thereby per- 30 
forming Viterbi decoding thereby, and the above-men- 
tioned object can be attained by the radio 
communication apparatus, which can simultaneously 
perform equalization using an MLSE and Viterbi decod- 
ing of a convolutional code. Thereby, an error rate char- 35 
acteristic can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view of a conventional 40 
data transmitter; 

FIG. 2 is a view showing a tine model; 
FIG. 3 is a structural view of a f iter in which a line 
model is rewritten to a form close to a digital filter; 
FIG. 4 is a structural view of an encoder; 4s 
FIG. 5 is a diagrammatic view of a data transmitter 
of a first embodiment of the present invention; 
FIG. 6 is a diagram showing the function block of an 
UDMV in a receiving system of the first embodi- 
ment of the present invention; so 
FIG. 7 is a diagram showing the function block of an 
imaginary convolutional decoder provided in the 
UDMV; 

FIG. 8 is a diagram showing the function block in a 
transmitting system of a data transmitter of a sec- 55 
ond embodiment of the present invention; 
FIG. 9 is an input/output view of the a convolutional 
encoder of the transmitting system of the second 



embodiment of the present invention; 
FIG. 10 is a view showing slots to which interleav- 
ing is provided in the second embodiment of the 
present invention; 

FIG. 1 1 is a view showing a frequency hopping in a 
data transmitter of a third embodiment of the 
present invention; 

FIG. 12 is a diagram showing the function block in 
the transmitting system of the data transmitter of a 
fourth embodiment of the present invention; 
FIG. 13 a diagram showing the function block in the 
receiving system of the data transmitter of the 
fourth embodiment of the present invention; 
FIG. 14 is a structural view showing a selection 
logic table in the receiving system of the fourth 
embodiment of the present invention; and 
FIG. 15 is a view showing slots to which interleav- 
ing is provided in the fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to a first embodiment of the present 
invention, there is provided a radio communication 
apparatus comprising a receiving system wherein 
equalization for compensating for distortion caused by 
multipath fading and an error correction for decoding 
data error-correction encoded are simultaneously per- 
formed. Thereby, the error ratio characteristic and 
reduction in the number of times of trace back and a 
memory capacity can be improved. It is preferable that 
the radio communication apparatus comprises a 
demodulator in which an equalizer and an error correc- 
tor are combined, compensation for distortion caused 
by multipath fading and the error correction are simulta- 
neously performed. 

This can improve receiving quality. In this case, the 
demodulator preferably comprises an imaginary 
encoder in which a multipath leading to an antenna of 
the receiving system from an encoder on a transmitting 
side is imaginarily structured by a digital filter. Thereby, 
the compensation for distortion caused by multipath fad- 
ing and the error correction can be simultaneously per- 
formed. Moreover, the demodulator preferably 
comprises a part for setting a state in which an encoder 
on a transmitting side and a line distortion are combined 
to the imaginary encoder, and a part for sending a can- 
didate signal to the imaginary encoder, while estimating 
a transmission data sequence from an error signal 
between a replica output from the imaginary encoder 
and a received signal . Thereby, equalization using the 
MLSE and viterbi decoding to the convolutional code 
can be performed simultaneously. 

In the first embodiment the radio communication 
apparatus preferably further comprises a demodulator 
tor performing equalization for compensating for distor- 
tion caused by multipath fading and an error correction 
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for decoding data error-correction encoded simultane- 
ously, a plurality of equalizers for equalizing a receiving 
data for each transmission sequence. CRC (Cyclic 
Redundancy Checking) means for cydic redundancy 
checking demodulation data decoded by the equalizers s 
for each transmission sequence, and selecting means 
for selecting the demodulation data of the demodulator 
when the demodulation data of each equalizer is an 
error from the result of the CRC. Thereby, a data frame 
in which no error is determined is used, and the result of 10 
the modulator is employed only when all data frames 
are errors. As a result, a frame error rate characteristic 
of data frame can be improved. 

A second embodiment of the present invention pro- 
vides a radio communication apparatus wherein modu- is 
lation data to which interleave with a depth 
corresponding to the reciprocal of an encoding rate 
received as maintaining a sequence order on the trans- 
mitting side, and equalization for compensating for dis- 
tortion caused by multipath fading and an error 20 
correction are simultaneously performed with respect to 
the modulation data corresponding to a plurality of 
transmitting sequences generated when encoding 
transmission data, thereby correctly demodulating inter- 
leaved transmission data . 25 

A third embodiment of the present invention pro- 
vides a radio communication apparatus wherein modu- 
lation data, which is frequency hopped between a 
plurality of frequencies on a transmitting, is received 
and equalization for compensating for distortion caused 30 
by multipath facing and an error correction are simulta- 
neously performed with respect to modulation data 
extracted from a specific transmitter in synchronism with 
a frequency hopping operation. Thereby, the error rate 
characteristic can be improved even at a low speed fad- 35 
ing time. 

According to the present invention, there can be 
provided a radio communication apparatus on the trans- 
mitting side for transmitting transmission data, to which 
interleave with a depth corresponding to the reciprocal 40 
of an encoding rate is provided as maintaining a 
sequence order, to radio communication apparatus on 
the receiving side. Thereby, even in the receiver in 
which equalization and the error correction are simulta- 
neously performed, interleaved transmission data can 45 
be demodulated. 

According to the present invention, there can be 
provided a radio communication apparatus on the trans- 
mitting side for transmitting transmission data, which is 
frequency hopped between a plurality of frequencies, to so 
the radio communication apparatus on the receiving 
side. Thereby, interleave effect can be fully exerted even 
at a slow speed fading time. 

According to the present invention, there can be 
provided a radio communication apparatus on the trans- ss 
mitting side for transmitting modulation data, which is 
encoded using an impartible code after adding a CRC 
bit to transmission data, to the radio communication 



apparatus on the receiving side. Thereby, when the unit 
for adding the CRC bit is set as a data frame, the frame 
error rate of the data frame can be reduced. 

In the present invention, there is provided a base 
station apparatus comprising a receiving system, in 
which equalization for compensating for distortion 
caused by multipath fading and an error correction for 
decoding data error-correction encoded are simultane- 
ously performed, for performing data transmission 
between a mobile station moving in a ceil and the base 
station. Thereby, the enor rate characteristic in the base 
station can be improved. 

In the present invention, there is provided a mobile 
station apparatus comprising a receiving system, in 
which equalization for compensating for distortion 
caused by multipath fading and an error correction for 
decoding data error-correction encoded are simultane- 
ously performed, for performing data transmission 
between a base station provided in a ceil and the mobile 
station. Thereby, the error rate characteristic in the 
mobile station can be improved. 

The embodiments of the present invention will now 
be specifically descrbed with reference to the drawings. 

(First Embodiment) 

FIG. 5 is a diagrammatic view of a data transmitter 
of the first embodiment of the present invention. 

According to the data transmitter of this embodi- 
ment, in the transmitting system, transmission data 500 
is encoded by a convolutional encoder 501 and is mod- 
ulated by a modulator 502, and is transmitted from a 
transmitting antenna 503. In the receiving system, a 
received signal received by a receiving antenna 504 is 
input to an UDMV (United Decoder with MLSE and 
Vrterbi decoder) 505 through a detector. Then, compen- 
sation for distortion caused by multipath fading is per- 
formed simultaneously with the error correction by 
Vrterbi encoding, thereby obtaining demodulation data 
506. The UDMV 505 is a demodulator in which the 
MLSE and the Vrterbi decoder are combined. 

FIG. 6 shows the function block of the UDMV 505. 
An imaginary convolutional encoder 51 1 is a digital fil- 
ter, which is structured to have a state in which the con- 
volutional encoder 501 of the transmitting system and 
the line distortion are combined. The convolutional 
encoder 51 1 will be specifically described later. A chan- 
nel estimating section 512 estimates a complex gain 
coefficient to reproduce a transmission wave propaga- 
tion path using an unique word inserted into the 
received signal, and sets the estimated coefficient to the 
convolutional encoder 511. A state estimating section 
513 inputs a candidate signal corresponding to the bit 
number of the transmission signal to the convolutional 
encoder 511 through a modulator 514 for adding the 
same modulation as the case of the transmitting sys- 
tem. Also, the state estimating section 513 fetches an 
error signal, which shows an error between a replica 
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from the imaginary convolutional encoder 51 1 and a 
real received signal, from an adder 515 and selects a 
path to be connected to the candidate having a small 
error. Then, the state estimating section 513 outputs a 
data row connected at the selected path as demoduta- s 
tion data. 

FIG, 7 shows the structure of the imaginary convo- 
lutional encoder 511 when the encoding rate is 1/2 and 
a QPSK modulation is used. The imaginary convolu- 
tional encoder 51 1 as shown in the figure comprises a 
delay unit row having (M+N) delay units 401-0 to 401- 
(M+N-1) connected in series, complex gain blocks of 
(N+1 ) corresponding to the number of waves of the line, 
complex exclusive-OR circuits 403-0 to 403-N provided 
to correspond to the respective complex gain blocks, 
complex gain circuits 404-0 to 404- N, which multiply an 
output of each of the complex exclusive-OR circuits 

403- 0 to 403-N by a gain for compensating for the line 
distortion, and a complex adder 405 for adding the out- 
puts of the respective complex gain circuits 404-0 to 

404- N. 

The complex gain blocks comprise complex gain 
adding units (402-0-0 to 402-0-M). (402-1-0 to 402-1- 
M), ... (402-N-O to 402-N-M), respectively. The number 
of complex gain adding units corresponds to the con- 
straint length of the convolutional encoder 501 . 

Delay data of the delay units 401-0 to 401 -(M-1) in 
the delay unit row is sequentially input in parallel to the 
complex gain adding units 402-0 to 402-O-M, which 
form the complex gain block of the uppermost stage, in 
order. The complex exclusive-OR of the outputs of 
these complex gain adding units 402-0-0 to 402-0-M is 
calculated by the complex exclusive-OR unit 403-0. 

That is, in the imaginary convolutional encoder 511, 
the delay units 401-0 to 401 -(M-1), the complex gain 
adding units 402-0-0 to 402-0-M, and the complex 
exclusive-OR unit 403-0 are formed to have the same 
filter structure as the case of the convolutional encoder 
shown in FIG. 4. In the case of the convolutional 
encoder 501 of the transmitting system, the constraint 
length and the complex gain are fixed in advance. 
Accordingly, the number of delay per one complex gain 
block, and complex gain (c) of each of the complex gain 
adding units 402-0-0 to 402-0-M can be determined. 
In the case of the imaginary convolutional encoder 51 1 , 
the delay data group inputting to each complex gain 
block is shifted one delay by one based on a block unit 
from the block of the uppermost stage to that of the low- 
est stage Each delay due to the delay units 401-0 to 
401 -N is regarded as delay of each propagation path 
corresponding to the number of waves (N+1). Thereby, 
the delay units 401-0 to 401-N. the complex adding 
units 404-0 to 404-N, and the complex adder 405 are 
formed to have the same filter structure as the case of 
the digital filter to compensate for the line distortion as 
shown in FIG. 3. In the UDMV 505, the channel estimat- 
ing section 512 estimates a filter coefficient for compen- 
sating distortion in accordance with the state of each of 



the current propagation path based on the unique word. 
Then, a complex gain (p) of each of the complex gain 
adding units 404-0 to 404-N of the imaginary convolu- 
tional encoder 51 1 is determined. 
The following will explain an operation of the above- 
structured data transmitter. 

First of all, in the transmitting system, the convolu- 
tional encoder 501 provides error correction and encod- 
ing to transmission data 500. As a result, every time 
when one bit of transmission data 500 is input, the con- 
volutional encoder 501 produces a several-bit 
sequence. The sequence is demodulated by the 
demodulator 502, and the resultant is transmitted from 
the transmitting antenna 503. In the receiving system, 
the receiving antenna 504 receives the signal to which 
the line distortion is added. The received signal is 
demodulated by the UDMV 505, so that demodulated 
data 506 can be obtained. 

Next, an operation of the UDMV 505 will be 
explained. 

The UDMV 505 waits for the state in which the con- 
volutional encoder 501 on the transmitting side and the 
line distortion are combined, and performs equalization 
using the MLSE and the error correction using the 
Viterbi decoding simultaneously. 

In the UDMV 505, the canddate signal supplied 
from the state estimating section 513 is input to the 
delay unit 401 -0 of the first stage of the delay unit row as 
transmission data 400 through the demodulator 514. 
Thereafter, the candidate signal is sequentially delayed 
by the delay units 401-0 to 401-(M+N-1). On the other 
hand, the outputs of the delay units 401 -0 to 401 -(M+N- 
1) are multiplied by the complex gain (c) by the complex 
gain adding units 402-0-0 to 402-N-M, respectively. 
Thereafter, exclusive-OR of each of the real and imagi- 
nary parts is obtained by the complex exclusive-OR cir- 
cuits 403-0 to 403-N. The complex gain adding units 
402-0-0 to 402-N-M correspond to the complex gain 
adding units 302-0 to 302-M, respectively, and obtain 
any one of 0, 1, and 0+1)- K we assume an arbitrary 
integer between 0 to N is X and an arbitrary integer 
between 0 to M is Y. 402-X-Y = 302-Y. The complex 
exclusive-OR circuits 403-0 to 403-N perform the follow- 
ing calculations with respect to the outputs of the com- 
plex gain adding units 402-0-0 to 402-N-M. 

403-0: complex exclusive-OR of outputs of the 
complex gain adding units 402-0-0 to 402-0-M; 
403-1: complex exclusive-OR of outputs of the 
complex gain adding units 402-0-1 to 402-1 -M; 

403-N: complex exclusive-OR of outputs of the 
complex gain adding units 402-N-O to 402-N-M. 

The outputs of the complex exclusive-OR circuits 403-0 
to 403-N are multiplied by the complex gain (p) by the 
complex gain adding units 404-0 to 404-N, respectively. 
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The complex gain adding units 404-0 to 404- N respec- 
tively correspond to the complex gain a doing units 202- 
0 to 202-N of FIG. 3, and time-vary. 

All outputs of the complex gain adding units 202-0 
to 202-N are added by the complex adder 405 so as to s 
be a received signal (replica) 406. 

According to the above embodiment, in the imagi- 
nary convolutional encoder 51 1 of the UDMV 505, the 
received signal 406 is uniquely determined by the 
sequence using transmission data 400 stored by the 
delay units 401-0 to 401-(M+N-1). Due to this, if Viterbi 
decoding in the above sequence state, sequence of the 
transmission data 400 can be estimated. In other words, 
equalization and the error correction can be simultane- 
ously performed. This can present the same effect as 
the case that the constraint length becomes longer 
when there is a delay wave. As compared with the case 
in which equalization and the error correction are inde- 
pendently performed, the error correction ability can be 
improved. Moreover, the number of times of trace back 
and the memory capacity can be reduced. 

The above first embodiment shows the case in 
which the encocfing rate is 1/2 and the QPSK modula- 
tion is used. However, the imaginary encoder can be 
constructed even in the other cases. 

(Second Embodiment) 

FIG. 8 shows the structure of the function block of 
the transmitting system in the data transmitter accord- 
ing to the second embodiment of the present invention. 
The function block in the receiving system is structured 
by the UDMV similar to the f irst embodiment. 

A framing section 61 1 frames user data. A convolu- 
tional encoder 601 error-correction encodes frame data, 
and produces a transmission sequence whose number 
corresponds to the encode rate. An inter! eaver 612 pro- 
vides interleave to rearrange the order of the 
sequences, which are encoded, and to control such that 
data are allocated to the slots for every transmission 
sequence. A slotting section 613 slots the interleaved 
transmission sequence, and sets a pilot symbol, and a 
transmission power control bit (TPC). The transmission 
sequence is inserted into the slot modulated by a mod- 
ulator 614, and transmitted from the antenna through a 
transmission amplifier 615. 

FIG. 9 shows the setting of the convolutional 
encoder 601. In this case, the encoding rate is 1/2. and 
error-correction encoded data is divided to two 
sequences, i.e., transmission sequences (A) 602 and 
(B) 603. In the case of a different encoding rate, the 
number of sequences is increased in accordance with a 
denominator of the encoding rate. 

Next, the following will explain an operation of the 
above-structured embodiment 

The framed transmission data 600 is error -correc- 
tion encoded by the convolutional encoder 601, and 
divided into two sequences, i.e., transmission 



sequences (A) 602 and (B) 603 to be sent to the inter- 
leaver 612. 

In this embodiment, since the number of sequences 
is two in accordance with the encoding rate 1/2, the 
interleaving is provided to the reciprocal of the encoding 
rate 1/2, that is, two slots. The transmission sequence 
(A) 602 is allocated to an even slot number as a first slot 
in one transmission, and the transmission sequence (B) 
is allocated to an odd slot number as a second slot in 
one transmission. When the encoding rate is expanded 
to 1/N. one transmission sequence is divided into first to 
Nth slot in accordance with N of the reciprocal of the 
encoding rate, a plurality of transmission sequences are 
allocated to different slots, respectively. Also, data of the 
different sequence is not allocated to one slot. 

FIG. 10 shows the specific example in which the 
slot is interleaved in a random fashion by the interleaver 
612. Reference numeral 604 is a signal of slot #0, 605: 
a signal of slot #1, 606. a signal of slot #2, and 607: a 
signal of a slot #3. These different transmission 
sequences A 602 and B603 are allocated to the differ- 
ent slots in order to produce interleaving effect as main- 
taining the order of the sequences. 

FIG. 10 is an example in which transmission data 
600 is set as data frame every six bits. It is assumed that 
2 is 0 to 5. The first to the sixth bits are expressed as S 
(0, Z), and the next six bits are expressed as S (1 , Z) ... 
. Also, it is assumed that an arbitrary integer is X. The 
transmission sequence A602 generated to S (X, Z) is 
expressed as A (X, Z). The transmission sequence 
B603 generated to S (X, Z) is expressed as B (X. Z). A 
(0, Z), A (1, Z), B (0, Z), and B (1, Z) are allocated to 
slots #0 (604) , #2 (606) #1 (605) , and #3 (607), respec- 
tively. In this case, a time interval is provided between 
the slots to lessen a correlation between fading. 

On the other hand, in the receiving system, at the 
time when the slots #0 (604) and #1 (605) are received. 
S (0, Z) is estimated, and at time when the slots #2 
(606) and #3 (607) are received. S (1 , Z) are estimated. 
Thus, the estimation is performed, and data is modu- 
lated. 

According to the above embodiment, the receiving 
system comprises the UDMV in which equalization and 
the error correction are simultaneously performed by 
estimating the imaginary encoder having the combina- 
tion of the convolutional encoder of the transmitting sys- 
tem and the line. Due to this, interleave cannot be 
introduced by simply rearranging the order of the 
encoded sequence, tn order to produce the interleaving 
effect as maintaining the order of the sequence, these 
different transmission sequences are allocated to the 
different slots. 

Accordingly, even in the case in which the UDMV is 
used, interleave can be introduced, and the error cor- 
rection effect can be improved. 
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(Third Embodiment) 

This embodiment shows a case in which the slot 
interleaved in a random fashion by the inter! eaver simi- 
lar to the case of the second embodiment is frequency 5 
hopped between a plurality of frequencies to transmit 
data. 

FIG. 1 1 shows an example of frequency hopping 
according to this embodiment. This figure shows a case 
in which four frequencies are used and four users per- 10 
form data transmission. Reference numeral 700 is a sig- 
nal of frequency f 1 , 701 : a signal of frequency f2, 702: a 
signal of frequency f3, and 703: a signal of frequency f4. 
In this case, f 1 to f4 are frequencies different from one 
another. Each block shows one slot. is 

It is assumed that attention is paid to a certain user 
1. The frequency hopping is performed as shown by 
mesh portions in the figure. The user 1 executes data 
transmission using frequencies of f 1 , 12. f4, f3. f 1 , f3, f4. 
f3, f2 for each slot 20 

According to the above-mentioned embodiment, 
the correlation between fading becomes small when the 
frequency differs. Even if no long time interval is pro- 
vided between the slots, the fading between adjacent 
slots can be independently set. Therefore, sufficient 2s 
interleaving effect can be obtained with respect to the 
slow-speed fading. 

(Fourth Embodiment) 

30 

FIG. 12 shows the structure of the function block in 
the transmitting system of the data transmitter accord- 
ing to the fourth embodiment, and FIG. 13 shows the 
structure of the function block in the receiving system. 
The transmitting system comprises a framing section 35 

921 for framing transmission data, a CRC bit adding unit 

922 for adding check bit to the frame data, an impartible 
encoder 923, an inter leaver 924, a slotting section 925, 
a modulator 926, a transmitting amplifier 927, and an 
antenna 928. 40 

The receiving system comprises an antenna 900, a 
detector 901, a memory A902, a memory B903, an 
equalizer A904, an equalizer B905, an UDMV 906, a 
CRC unit A907, a CRC unit B908. a selection and deter- 
mination unit 909. and a selector 910. Similar to the 45 
case of UDMV 505 explained in the first embodiment, 
the UDMV 906 is the combination of the equalizer and 
the error corrector. The selection and determination unit 
909 fetches the check result of the CRC units A907 and 
B908, and provides instruction of selection data to the so 
selector 910 based on Table shown in FIG. 14. 

An operation of the above-structured data transmit- 
ter will be explained. 

In the transmitting system, the CRC bit is added to 
transmission data 800 by a CRC bit-adding unit 801 . ss 
Thereby, it can be checked whether or not there is an 
error in received data . Next, impartible encoding is pro- 
vided by an impartible encoder 802 to form a transmis- 



sion sequence (A) 803 and a transmission sequence 
(B)804. 

An impartible code is one that can decode trans- 
mission data 800 if either the transmission sequence 
(A) 803 or transmission sequence (B) 804 is obtained. 
Moreover, the impartible code is one that can perform 
the error correction if both transmission sequences (A) 
803 and (B) 804 are obtained. Since the structure of the 
impartible encoder 802 is the same as that of the convo- 
lutional encoder, the UDMV 906 of the receiving system 
may have the same structure as the case of the first 
embodiment. 

Then, the same interleaving as in the second 
embodiment is provided to these impartible-encoded 
transmission sequences (A) 803 and (B) 804. and the 
interleaved sequences are slotted by the slotting section 
925. 

FIG. 15 shows the specific example of the slot to 
which the interleaving is provided. 

In the transmission of transmission data S (0, n), 
data of the transmission sequence A is inserted to a sig- 
nal 805 of the slot #0 as the first slot, and data of the 
transmission sequence B is inserted to a signal 806 of 
the slot #1 as the second slot. 

In the transmission of transmission data S (1, n), 
data of the transmission sequence A is inserted to a sig- 
nal 807 of the slot #2 as the first slot, and data of the 
transmission sequence B is inserted to a signal 808 of 
the slot #3 as the second slot. 

In the receiving system, the detector 901 detects 
the signal received by the receiving antenna 900. and 
the even slot stores the detected signal in the memory 
A902, the odd slot stores the detected signal in the 
memory B903. The equalizer A904 equalizes the signal 
stored in the memory A902, and the CRC unit A907 
checks whether or not there is an error in the resultant. 
The equalizer B905 equalizes the signal stored in the 
memory B903, and the CRC unit B908 checks whether 
or not there is an error in the resultant. Moreover, both 
the signal stored in the memory A902 and the signal 
stored in the memory B903 are used to be demodulated 
by the UDMV 906. 

In the selection and determination unit 909, the 
most proper output is selected from the outputs of the 
equalizer A904, the equalizer B905. and the UDMV 906 
by the selector 901 based on the results of the CRC 
units, using a selection logic Table of FIG. 14. Then, the 
selected output is used as received data 91 1 . 

For example, when the quality of the signal stored 
in the memory A902 is extremely good and that of the 
signal stored in the memory B903 is extremely poor, the 
result of the CRC unit A907 is OK, and that of the CRC 
unit B908 is not good. When the quality of the signal 
stored in the memory B903 is extremely poor, the error 
may stay in the output of the UDMV 906 by influence of 
the memory B903. In such a case, the output of the 
equalizer A904 is selected as a proper output. 

When both results of the CRC units A907 and B908 
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are not good, the quality of the UDMV 906 is expected 
to be best by the error correction, and the output of the 
UDMV 906 is selected. 

When both results of the CRC units A907 and B908 
are good, the output of any one of equalizers A and B s 
may be selected at an arbitrary setting since both equal- 
izers A904 and B905 have good output quality. 

According to the above-explained embodment, 
even in a case where the signal quality of one transmis- 
sion sequence is extremely poor, modulating data, 10 
which is expected to have the best quality, can be 
obtained without being influenced by the signal with the 
poor quality. When the unit for adding the CRC bit is 
used as a data frame, the reduction in the frame error 
rate of particularly the data frame can be improved. is 

The data transmitter of each of the embodiments 
can be applied to a cellar system. The UDMV. which 
corresponds to the encoder used in the data transmitter 
of the base station, is mounted on the mobile station 
freely moving in the cell. Also, the UDMV, which corre- so 
sponds to the encoder used in the data transmitter of 
the mobile station, is mounted on the base station. The 
same data transmission in the transmitting and receiv- 
ing systems of the above-mentioned data transmitter is 
executed between the base station and the mobile sta- 2s 
tion. allowing the improvement of the transmission qual- 
ity. 

The above embodiments explained the case in 
which the frame data is slotted to transmit data. How- 
ever, the present invention is not limited to the above so 
case together with the encoding, interleaving, and the 
frequency hopping. 

As described above, according to the present 
invention, equalization to remove the line distortion 
caused by multipath fading and the error correction to 35 
improve the reduction in the error rate can be simultane- 
ously performed. Thereby, there can be obtained an 
useful advantage in which the receiving quality can be 
improved. Moreover, since two steps of equalization 
and the error correction can be performed at one time, 40 
there can be obtained useful advantages in which the 
number of times of trace back and the reduction in the 
memory capacity can be improved. 

Claims 45 

1. A receiver comprising a receiving system wherein 
equalization for compensating for distortion caused 
by multipath fading and an error correction for 
decoding data error-correction encoded are simul- so 
taneously performed. 

2. The receiver according to claim 1, wherein the 
receiving system comprises a demodulator in 
which an equalizer(904,905) and an error corrector ss 
are combined, compensation for distortion caused 

by multipath fading and the error correction are 
simultaneously performed. 
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3. The receiver according to claim 2. wherein the 
demodulator comprises an imaginary encoder(51 1) 
in which a multipath leading to an antenna of the 
receiving system from an encoder on a transmitting 
side is imaginarily structured by a digital filter. 

4. The receiver according to claim 3, wherein the 
decoder comprises means(513) for setting a state 
in which an encoder on a transmitting side and a 
line distortion are combined to the imaginary 
encoder(511). and means for sending a candidate 
signal to the imaginary encoder(511), while esti- 
mating a transmission data sequence from an error 
signal between a replica output from the imaginary 
encoder(51 1) and a received signal . 

5. The receiver according to claim 1 , further compris- 
ing a demodulator for performing equalization for 
compensating for distortion caused by multipath 
fading and an error correction for decoding data 
error-correction encoded simultaneously, a plurality 
of equalizers for equalizing a received data for each 
transmission sequence, CRC (Cyclic Redundancy 
Checking) means (907.908) for cyclic redundancy 
checking demodulation data decoded by the equal- 
izers (904, 90 5) for each transmission sequence, 
and selecting means for selecting the demodulation 
data of the demodulator when the demodulation 
data of each equalizer(904,905) is an error from the 
result of the CRC. 

6. A receiver for receiving modulation data to which 
interleave with a depth corresponding to the recip- 
rocal of an encoding rate is provided as maintaining 
a sequence order on the transmitting side, and for 
simultaneously performing equalization for com- 
pensating for distortion caused by multipath fading 
and an error correction with respect to the modula- 
tion data corresponding to a plurality of transmitting 
sequences generated when encoding transmission 
data. 

7. A receiver for receiving modulation data, which is 
frequency hopped between a plurality of frequen- 
cies on a transmitting, and for simultaneously per- 
forming equalization for compensating for distortion 
caused by multipath fading and an error correction 
with respect to modulation data extracted from a 
specific transmitter in synchronism with a frequency 
hopping operation. 

8. A transmitter tor transmitting transmission data, to 
wNch interleave with a depth correspondng to the 
reciprocal of an encoding rate is provided as main- 
taining a sequence order, to the receiver of any one 
of claims 1 to 6. 

9. A transmitter for transmitting transmission data, 
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which is frequency hopped between a plurality of 
frequencies, to the receiver of any one of claims 1 
to 6. 

10. A transmitter for transmitting modulation data, 5 
which is encoded using an impartible code after 
adding a CRC bit to transmission data, to the 
receiver of any one of claims 1 to 6. 

11. A base station apparatus comprising a receiving 10 
system, in which equalization for compensating for 
distortion caused by multipath fading and an error 
correction for decoding data error-correction 
encoded are simultaneously performed, tor per- 
forming data transmission between a mobile station is 
moving in a cell and the base station. 

12. A mobile station apparatus comprising a receiving 
system, in which equalization for compensating for 
distortion caused by muttipath fading and an error 20 
correction for decoding data error-correction 
encoded are simultaneously performed, tor per- 
forming data transmission between a base station 
provided in a cell and the mobile station. 
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FIG. 10 
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